Obesity rates among children have climbed dramatically in the past two decades, a time period in which children also experienced greater exposure to portable media devices and smartphones. In the present study, we provide evidence of a potential link between media multitasking -using and switching between unrelated forms of digital media -and risk for obesity, as indexed by body mass index (BMI). Specifically, we recruited 179 pre-adolescent children (aged 9-11 years, 88 females) to participate in a study in which we assessed their media multitasking (MMT) tendencies, as well as BMI. Controlling for the influence of a known genetic risk factor for obesity and other covariates, including physical activity, we found a positive association between the frequency of children's MMT behaviors and age-and sex-standardized BMI z-scores, b = 1.07, p = 0.011. These findings are consistent with other recent work showing similar patterns of covariation between MMT and risk for obesity in young adults. The present work can also inform future work in this realm, such as the design of longitudinal studies that prospectively measure children's MMT behaviors and body composition to begin to identify directionality in the association.
INTRODUCTION
For much of the 20th century, obesity in childhood was rare, with only 15% of children aged 2-19 classified as overweight or obese in the 1970s. However, by 2004 the childhood obesity rate climbed to nearly 34% and since then has remained high (Fryar et al., 2014; Ogden et al., 2014) . Understanding which factors contribute to weight gain early in life is critical, as childhood obesity and overweight have been associated with increased risk for a host of medical conditions, including cardiovascular disease and metabolic syndrome, among others (Must and Strauss, 1999; Dietz, 2004; Daniels et al., 2005; Freedman et al., 2007) .
Many genetic and physiological variables contribute to an individual's risk for developing obesity (e.g., Frayling et al., 2007) , as well as dys-regulation of endogenous, homeostatic mechanisms (e.g., Monteleone et al., 2008) . For example, the FTO rs9939609 single nucleotide polymorphism genotype has been reliably linked to increased obesity risk in large scale studies (Frayling et al., 2007; Loos and Yeo, 2014) . But in our modern, 21st-century environment, hedonic features, such as the palatability of foods, can exert a strong influence on eating behaviors, especially among children. This is compounded by the fact that foods, especially obesogenic foods, have become readily available for consumption and are often much less expensive than healthier, nutrient-rich alternatives. Moreover, marketing agencies have targeted children by tailoring food advertisements to increase appeal among children (Bernhardt et al., 2013) , and exposure to advertisements has been linked to BMI percentile (McClure et al., 2013) as well as ad libitum eating in the absence of hunger (Gilbert-Diamond et al., 2017 ) -a known correlate of weight status and weight gain (Birch et al., 2003; Lansigan et al., 2015; Balantekin et al., 2016) . In general, such exposure to tempting food cues has been associated with increased impulse strength and higher likelihood of un-regulated eating and self-control failure (Heatherton and Wagner, 2011) .
Despite these demonstrated links between exposure to appetitive cues and obesity, a key question is: what makes some children (and not others) more sensitive and responsive to food cues in their environment? In the present study, we took an individual differences approach by operationalizing, on a personby-person basis, children's responsiveness to food cues. To do this, we first drew from Stanley Schachter's theorizing about the relative influence of internal (e.g., hunger cues) versus external (e.g., the sight or smell of freshly prepared food) cues on eating behaviors. Schacter's externality theory proposed that individuals with obesity are, on average, more externally driven, meaning they are more responsive to environmental cues that trigger food cravings (Schachter, 1971) . While Schachter conceptualized these as group-level differences in the obese and non-obese populations, respectively, we wanted to identify a continuous construct that would manifest behaviorally and capture, at least in part, the extent to which children would be (externally) driven by environmental cues (e.g., food cues).
Media multitasking may be one candidate in the behavioral domain, given that it may train attention to be broader and more sensitive to external cues (Cain and Mitroff, 2011) . Indeed, a recent study proposed the novel hypothesis that frequent media multitasking, defined as the simultaneous, often mindless switching between unrelated forms of media, is a risk factor for obesity, as it is associated with increased responsiveness to rewarding cues in one's environment and poorer self-control (Lopez et al., 2019a) . The researchers found supporting evidence for this hypothesis, as those participants who more frequently engaged in media multitasking also tended to have increased adiposity and an imbalance of food cue elicited activity in brain systems involved in reward processing and self-control. Specifically, high media multitaskers showed higher activity in the ventral striatum and orbitofrontal cortex, key regions in the mesolimbic dopamine system that support reward-seeking behaviors, including eating (Haber and Knutson, 2010) , while simultaneously exhibiting less recruitment of the frontoparietal control network, which has generally been implicated in flexible exertion of self-control (Power et al., 2011) , including self-control in the eating domain (Lopez et al., 2017 (Lopez et al., , 2019b .
In the above-mentioned study by Lopez et al. (2019a) , media multitasking tendencies were assessed in college-aged participants, but what about media multitasking habits among developing children and adolescents? Multitasking across several, unrelated forms of media or devices has become common in childhood. Children's ownership of diverse media devices is increasing. For example, ownership of a cell phone went from fewer than 40% of children in 2004 to 66% by 2009, and the use of other electronic devices (e.g., iPods) increased from 18 to 76% during that period (Rideout et al., 2010) . With this rise in device ownership has been a concurrent rise in media multi-tasking; from 1999 to 2009 children nearly doubled their time spent media multi-tasking, from 16% of the time to 29% of the time that they were using media (Rideout et al., 2010) . Critically, this trend shows no signs of slowing. From 2011 to 2013, children's access to mobile devices increased from 52 to 75% (Rideout, 2013) , and according to a recent PEW study conducted in 2018, 95% of teens have ready access to a smartphone and 45% report being online almost constantly, up from 24% only a few years prior (Pew Research Center, 2018) .
Given the high prevalence of media multi-tasking in youth, as well as the associations observed between multi-tasking and risk of overweight in older populations, we sought to examine the association between children's media multitasking tendencies and adiposity. Specifically, we conducted a study in which we recruited 179 pre-adolescent children and assessed their media multitasking tendencies and body mass index (BMI). We also controlled for participants' FTO rs9939609 single nucleotide polymorphism genotype, a known genetic risk factor (Frayling et al., 2007; Loos and Yeo, 2014) . Given the previous related work that has specifically linked MMT and obesity risk (Lopez et al., 2019a) , we hypothesized that, in both unadjusted and adjusted regression models, there would be a positive association between frequency of media multitasking behaviors and BMI.
MATERIALS AND METHODS

Participants
Participants were 198 pre-adolescent children who had taken part in a study that examined the link between an FTO polymorphism and food consumption during an eating in the absence of hunger (EAH) task (Gilbert-Diamond et al., 2017) . Some of the children who participated in this study were siblings. To ensure the assumption of independence was met for statistical analyses, we included only one randomly selected sibling per family chosen at random. The final sample used for all subsequent analyses consisted of 179 participants (88 females, M age = 9.93 years, SD age = 0.580 years; see Table 1 for additional summary statistics). As per inclusion criteria determined by that study, all participants had to be fluent in English, present with no food allergies or restrictions, and not have any health conditions nor be taking any medication that would impact appetite or attention span (as reported by participants' parents). A caregiver accompanied each child who participated, and caregivers and children provided written consent and assent, respectively, in accordance with guidelines set by the Committee for the Protection of Human Subjects at Dartmouth College.
Procedure
Media Multitasking Assessment
One of the most commonly used instruments to comprehensively assess media multitasking tendencies is the Media Multitasking Inventory (MMI; Ophir et al., 2009 ), but this scale was originally designed to be administered to adults, who sometimes find it cumbersome to complete, given multiple instances of having to estimate hours spent multitasking with various other media (Lopez et al., 2019a) . Here, we adapted and shortened the MMI so it would be more easily administered in -and more applicable to -a younger population. Specifically, we asked participants to report their own multitasking with other print and digital media during four primary activities (versus ten in the original MMI), namely: watching TV or movies, playing video games, reading books or magazines (not assigned for school), and doing homework. There were multiple response options for time spent, daily, for each of these activities (i.e., 0 h, 30 min, 1 h, 1.5 h, 2 h, etc., up to 5 h). For each activity, participants also reported the frequency with which they multitasked by engaging in other activities by using a 5-point likert scale (i.e., Never, Rarely, Sometimes, Often, Always). For example, after reporting the number of hours spent watching TV and movies, participants also responded to the question "While you are watching TV and movies, how often do you also play video games or online games at the same time?" followed by questions to assess multitasking with three additional activities, respectively. This question structure was repeated for each primary activity.
In this way, the kinds of behavior that the MMT measure intends to capture is the simultaneous use of secondary, unrelated media while one uses a primary medium or is engaged in a focal task (e.g., being distracted and checking one's phone while doing homework). Therefore, it is a different kind of behavior than if a person consciously decides to take a break from an activity. Media multitasking is also different from being in an environment in which media are available or turned on, but one does not seek nor interact with them (e.g., doing homework in one room while the TV happens to be on in the other room). Listening to music was not assessed in the present study because we figured that some participants may be able to focus more intently on the primary task/medium when listening to music, while others would potentially be distracted by it. Thus, the media multitasking score for listening to music would not be straightforward to interpret and combine with other media multitasking scores.
We should note that another research group has encountered the same issues with original MMI as we do here (i.e., the scale's length and difficulty due to estimating many instances of various primary/secondary media multitasking), and accordingly has shortened and adapted the MMI for use with older adolescents (i.e., ages 11-15; Baumgartner et al., 2014 Baumgartner et al., , 2016 . These scales (e.g., the short media multitasking measure, or MMM-S; Baumgartner et al., 2016) were not yet published or available when we conducted the present study, but the format and questions overlap considerably because in both cases the items and their wording were taken and adapted from the same source (the original MMI). Moreover, work by Baumgartner et al. (2014) has shown that these shortened scales have high internal reliability in large samples (Cronbach's alpha = 0.93 in sample of 523) and correlate well with the original MMI (r = 0.84; Baumgartner et al., 2016) , while being easier and more efficient to administer to adolescents than the original MMI. For all question wording and items included in the abbreviated MMI administered here, see Supplementary Materials.
Media multitasking scores were calculated using a similar procedure described by Ophir et al. (2009) . The total time spent on each activity was multiplied by the frequency of multitasking with other media and then scaling that by the total time spent on all (four) activities (Ophir et al., 2009 ). This computation was repeated for all four activities, resulting in four MMT sub-scores (one for each activity). These were then summed to create a composite MMT index for each participant (M index = 0.53 SD index = 0.68, range = 0-3). The distribution of MMT scores was highly positively skewed (γ 1 = 1.53), so we applied a log transformation with the log10() function from the base R package. The resulting distribution exhibited reduced skewness (γ 1 = 0.85).
Body Mass Index
We measured participants' weight to the nearest 0.1 kg and height to the nearest 0.5 cm using a digital scale (Model 703, Seca, Hamburg, Germany) and wall-mounted stadiometer (Model 216, Seca, Hamburg, Germany). We used these measurements to compute BMI percentile and z-score using U.S. Center for Disease Control (CDC) 2000 age-and sex-specific distributions (Kuczmarski et al., 2002) . Using the BMI percentiles, we defined healthy weight as ≤85th percentile, overweight as between the 85th and 95th percentile, and obese as ≥95th percentile. We opted to use age-and sex-standardized BMI z-score as our outcome of interest, rather than BMI percentile to avoid BMI percentile ceiling effects in the analysis. For age-and sexstandardized BMI scores, we used the y2z() function in the AGD (Analysis of Growth Data) R package, with participants' raw BMI, sex, and age as vectorized inputs, and the CDC 2000 growth curves as the reference table.
Covariates
In addition to age and sex, we incorporated all participants' average physical activity as a covariate into adjusted models by computing a weighted average of time spent (in minutes) being active on weekdays and weekend days, as reported by participants' caregivers in response to the question(s): "On an average weekday/weekend day, how much time does your child spend doing physical activity, such as running around, climbing, biking, dancing, swimming, playing sports, etc.?" Importantly, we also controlled for each participant's genotype status arising from the FTO rs9939609 single nucleotide polymorphism to account for the known influence of FTO rs9939609 on weight status and risk for obesity (Frayling et al., 2007; Loos and Yeo, 2014) . Specifically, buccal cell swabs were collected and stored at room temperature with desiccant capsules (Isohelix, Kent, United Kingdom). DNA was isolated using DDK-50 isolation kits (Isohelix). Genotyping for rs9939609 was conducted with real-time PCR and Taqman chemistry using the 7500 Fast Real-time instrument (primers and instrument from Thermo Fisher Scientific (Waltham, MA, United States). All samples were successfully genotyped and there was 100% genotyping consistency among the 10% blinded replicates.
Analytic Approach
We fit both unadjusted and adjusted models with BMI z-scores as the outcome measure in order to test for a linear association between MMT and adiposity. In the unadjusted model, log-transformed MMT scores were entered as the sole predictor variable. In the adjusted model, we added participants' age, sex, FTO genotype status, and physical activity as covariates. We indicated a simple contrast for sex (Female > Male) and for FTO genotype we indicated a linear contrast to test an additive model of obesity risk (i.e., AA > AT > TT). We also specified an alternative model specification to test the dominant model of obesity risk (i.e., AA and AT > TT) by changing the contrast weights for the FTO genotype variable. All regression models were fit using the lm() function from the stats R package. To improve interpretation from that model, we then compared BMI z-scores between participants with MMT scores at or above the median and participants with MMT scores below the median using unadjusted t-tests.
RESULTS
First, upon examining the unadjusted regression model, there was a significant positive association between log-transformed MMT scores and BMI z-score, r = 0.181, b = 1.037 (95% CI: 0.202, 1.871), t(177) = = 2.452, p = 0.015. Next, we examined parameter estimates from an adjusted multiple regression model predicting BMI z-score as a function of logtransformed MMT scores, while controlling for the potential influence of participants' age, sex, physical activity, and FTO genotype status, as described above. Overall, the model was statistically significant, F(6,171) = 4.89, p < 0.001, and accounted for 11.6% 1 of the variance in BMI z-scores. There was a statistically significant association between sex and BMI z-score, b = 0.270 (95% CI: 0.002, 0.538), t = 1.99, p = 0.048, as well as a statistically significant linear trend in BMI z-score as a function of FTO genotype status, b = 0.494 (95% CI: 0.213, 0.776), t = 3.47, p = 0.001. Importantly, and central to the aims of the present study, the positive relationship between MMT and BMI z-score remained statistically significant in this adjusted model, b = 1.069 (95% CI: 0.253, 1.885), t = 2.59, p = 0.011. This relationship remained unchanged in the sensitivity analysis that included a dominant model of obesity risk as a function of FTO genotype, i.e., AA and AT > TT. Moreover, from a model comparison perspective, the AIC was lower and the overall model fit statistically significantly improved when including MMT as a predictor (versus only having age, sex, and FTO genotype as predictors), AIC = 472.9 (versus 477.7), F(1,172) = 6.68 p = 0.011. See Table 2 for complete results from this model, including regression coefficients, confidence intervals, and inferential statistics.
Lastly, a median split of the sample based on untransformed MMT scores revealed that those participants who reported relatively more frequent MMT behaviors tended to have higher BMI z-scores (M = 0.515, SD = 1.05) than those with less frequently reported MMT behaviors (M = 0.243, SD = 0.82); this difference was marginally significant, t(177) = 1.90, d = 0.285, p = 0.059.
DISCUSSION
In this study, we examined the relationship between children's propensity to engage in media multitasking behaviors and their risk for higher adiposity. Overall, we found support for our hypothesis, as both unadjusted and adjusted regression models revealed a modest but statistically significant positive 1 Adjusted R-Squared. relationship between frequency of MMT behaviors and adiposity, as indicated by BMI z-score, such that those children who reported more frequent media multitasking also tended to have higher adiposity, on average. These findings are consistent with other work showing similar associations in young adults (Lopez et al., 2019a) . Critically, this positive relation between MMT and sex and age-adjusted BMI z-score held in an adjusted regression model, suggesting unique co-variation above and beyond the influences of sex, age, physical activity, and FTO rs9939609 status -one of the genetic factors most robustly associated with obesity (Frayling et al., 2007; Loos and Yeo, 2014) . Although preliminary, the association observed in this sample between MMT tendencies and adiposity is important to demonstrate, especially in the pediatric population -a group for whom the correlates of media use and media multitasking are not yet well established. In general, children show a pattern in their neurobiological development whereby subcortical systems that support motivated behaviors (e.g., eating) develop early, while maturation of prefrontal systems important for selfcontrol lags behind; this imbalance is especially prominent leading up to and during adolescence (Somerville and Casey, 2010) . Because of this imbalance of brain systems, children and adolescents are prone to experience self-control failure and engage in various risk-taking behaviors. It is possible that media multitasking may exacerbate or exploit this imbalance, rendering those children who frequently media multitask unable to exert control over desires to eat that are elicited by tempting food cues in their environment. This is true of young adults, as those who frequently engage in MMT behaviors also tend to show an imbalance in response to appetizing food cues, characterized by more reward related brain activity and less recruitment of the frontoparietal control network (Lopez et al., 2019a) , which has been generally implicated in cognitive control as well as self-regulation of eating behaviors (Power et al., 2011; Lopez et al., 2017; Turner et al., 2018) . Co-occurrence of such an imbalance and (frequent) media multitasking may arise from biased cognitive and/or attentional processes shaped by children's exposure to multiple media devices. For example, children who habitually use and switch between multiple, unrelated media may widen their attentional spotlight (Cain and Mitroff, 2011) and this can potentiate reward-related attentional capture (Anderson et al., 2011) . This could result in altered global processing of other cues in one's environment and guide behaviors across domains; indeed, frequent media multitaskers incorporate irrelevant, peripheral cues during person perception, as indicated by biased judgments when forming first impressions (Lopez et al., 2018) . This is further consistent with the finding that high media multi-taskers are known to have a greater spread of attention to peripheral cues (Yap and Lim, 2013) .
Although the present study supports that media multitasking may be a risk factor for obesity among children, there are several limitations that bear mentioning. First, the associations here are only measured at one point in time, so the directionality of the association cannot be established. As discussed above, it may be that increased exposure to multiple media, and subsequent MMT behaviors, impacts cognition and attention in such a way that some children become more sensitized and responsive to rewarding cues in their environment, increasing hedonically driven consumption. However, alternative explanations are also possible, as it could be that some children have altered cognitive processes and functioning to begin with, and that makes them more likely to become frequent media multitaskers and to be more externally driven by food cues so that non-homeostatic eating patterns result in weight gain over time. Future research is needed to tease apart and test these competing accounts. For example, longitudinal studies that assess children's MMT tendencies and weight status over longer periods of time can begin to shed light on whether MMT precedes weight gain, or vice versa. Relatedly, it would be important to assess younger children's baseline responsiveness to external food cues and determine whether that is predictive of subsequent increases in MMT and/or BMI. This is now possible via a newly developed scale that can be completed by parents of preschool-age children (Masterson et al., 2019) .
Future studies that experimentally manipulate MMT, in an acute fashion, and measure effects on attention and cued eating, could also help in the determination of causality. This can be difficult, especially given the trade-off between experimental control and ecological validity, but some studies have begun to administer in-lab paradigms that simulate people's real world exposure to multiple forms of media and in this way provide a context in which media multitasking can occur (e.g., Segijn et al., 2016; Garaus et al., 2017) . Another promising avenue for future investigations is to mitigate the negative impacts MMT on cognition and attention via mindfulnessbased attention training. Mindfulness interventions are uniquely promising because they promote the opposite of the automaticbased, poorly filtered attention thought to underlie the negative effects of media multi-tasking. A short-term intervention that has been shown to improve mindfulness in undergraduates (Mrazek et al., 2012) has also been shown to reduce the maladaptive attentional processing associated with media multi-tasking. The study conducted with a large sample of young adults showed that a breath counting task, a validated behavioral index of mindfulness (Levinson et al., 2014) , improved performance on a battery of attention tasks -including filtering and distractibility -in both high-and low-usual media multitaskers, but this effect was greater for high media multi-taskers (Gorman and Green, 2016) .
We chose to study pre-adolescent children, because this age represents a critical time in development to characterize children's MMT tendencies and obesity risk; however, the findings may not necessarily be generalizable to children of other ages. We recommend that future work assess MMT and weight status across several age groups to determine if associations vary by age.
We assessed MMT tendencies in children using an adapted version of the MMI scale developed by Ophir et al. (2009) . The original MMI is a validated measure that captures people's propensity to multitask, but it has only adequate predictive and convergent validity, as far as assessing constructs germane to the present work (e.g., trait self-control; Lopez et al., 2019a) , and therefore our adapted MMI may also be limited. Baumgartner et al. (2014) have similarly adapted the MMI for use in older adolescents (ages 11-15) and created a 9-item scale that partly overlapped with items administered in the present study (Baumgartner et al., 2014) . This 9-item scale exhibited high internal reliability (Cronbach's alpha = 0.93) while correlating strongly with the original MMI (r = 0.84; Baumgartner et al., 2014) . Because this scale was not available at the time we collected data from the present sample, we suggest that future work validates this scale in the younger, pre-adolescent population. Future studies may also benefit from administering a recently developed MMT scale that overlaps -in terms of shared variance -with the original MMI but has more construct and convergent validity in the domain of self-regulation (Lopez et al., 2019a) . Indeed, stronger associations between MMT and BMI may be observed with either or both of these newly developed MMT scales, given these scales' respective high internal reliability (Cronbach's alpha ≥ 0.86; Trafimow, 2016) .
Lastly, we generally caution against overinterpretation of the present findings, as the results reported here represent a secondary analysis and therefore we did not have additional covariates. For example, we did not have a measure of participants' total media consumption or exposure, as that would help determine the nature of the association between MMT and adiposity over and above general media consumption. And despite controlling for a known genetic risk factor for adiposity (FTO), we acknowledge the complexity of obesity and its etiology and encourage future researchers to replicate these results while controlling for additional genetic covariates.
To conclude, we have shown that there is a positive association between pre-adolescent children's media multitasking behaviors and their risk for obesity, as indexed by BMI z-score. Specifically, those children who reported frequently using other, secondary media while using a primary medium/device also tended to have higher adiposity. Although definitive causal inferences cannot be drawn from this work, we believe that demonstrating that such an association exists is important and timely, given the rapid rise in both childhood obesity as well as children's exposure to and use of multiple media devices. Indeed, it is not yet clear how children's MMT behaviors might impact other cognitive and behavioral domains beyond the realm of eating. And despite the fact that this research is still in its early days, the present findings and their implications suggest that further research is warranted on media multitasking in relation to childhood obesity.
